renin synthesis; substrate; angiolensin; newborn dogs; nephrectomy; peritoneal dialysis RENIN SYNTHESIS has been demonstrated in organs other than the kidney, for example, the uterus (2 1, 28). Renin occurs also in brain tissue (12, 15, 16) . Whenever renin activity has been detected in extrarenal tissues, however, (17, 20) it has not been clear whether this tissue renin activity was renin liberated from the kidney and absorbed by the tissues from the blood, or was locally synthesized, or was a combination of both absorbed and synthesized renin. Renin activity in mesenteric artery branches has recently been shown to respond to hemorrhage and clamping independently of renal and plasma renin activity (13, 14) The blood-brain barrier has been studied extensively (7).
Though anatomically different parts of this barrier system between blood and brain tissue have to be distinguished (2, 7), there is general agreement that if proteins and peptides do not pass from the blood via the choroid plexus into the cerebrospinal fluid (CSF), a similar selectivity and hindrance can be expected for the passage from blood to the brain tissue (5, 8) . As has been shown for other proteins (5), and as we demonstrate here for renin, nonlipid soluble enzymes do not pass the blood-CSF barrier. It seems then, that brain may be a suitable organ for studies on extrarenal tissue renin activity.
MATERIAL AND METHODS
Twenty-four male mongrel dogs, 12-30 kg, were divided into two groups. A control group (group I>, consisting of 10 dogs, was kept in a room at constant temperature and humidity and fed Purina dog chow, Ballard's meat, and tap water ad libitum for 4 weeks before the experiment. A nephrectomized group (group r-r>, consisting of 14 dogs, was divided into two subgroups: a) five dogs were killed 24 hr after bilateral nephrectomy, and b) nine dogs underwent peritoneal dialysis and were kept alive for 3-12 days after nephrec tomy. The technique used for intermittent peritoneal dialysis was that described by Grotlmann et al. ( 18) . Imperinol (Abbott Laboratories, 24 liters) with 1.5 % glucose was used as dialysate, which was changed after 2 hr. Tube feeding, of the same diet as for dogs of group I, was necessary in most of the dogs since vomiting was rather frequent.
The dogs were in rather good physical condition when they were killed. Dogs were operated on and killed under pentothal anesthesia (Nembutal, Abbott; 30 mg/kg), but no anesthesia was necessary for dialysis. For the first 2 days after bilateral nephrectomy, meperidine hydrochloride (Demerol, Winthrop) (1 ml, 2 times/day) was given intramuscularly.
Renin activity was measured in plasma and brain tissue of six S-day-old puppies (group III). The animals were separated from the mother only a few minutes before the experiment.
Renin activity and renin substrate were measured simultaneously in plasma from the cubital vein and in cerebrospinal fluid, obtained by suboccipital cisternal puncture, in 29 other dogs. This group (group IV) was subdivided into a) 13 dogs maintained under control conditions as described in group 1 for 4 weeks, b) four dogs with elevated plasma renin activity after 14 days of severe sodium restriction, c) eight 2-to 6-month-old dogs with high plasma renin activity, d) three Goldblatt-hypertensive dogs, and e) one dog infused with homologous renin for 1 hr. Synthetic (5-valine) -angio tensin I I amide (Hypertensin, Ciba) was infused intravenously (ZOO rig/kg per min) for 1 hr to four dogs (group v> kept under the control conditions described for group I.
Determination of renin &oity and angiotensin. For reninactivity measurement, 100 mg of brain tissue homogenized in 3 ml of 0.9 % NaCl, or in 1 ml of plasma or CSF, are incubated with an excess of homologous dog plasma substrate which is dissolved in 0.25 M trisphosphate buffer, of pH 5.5. Dowex 5OW-X2 NHd+ resin (1 ml) is added to the incubation mixture. The angiotensin which is formed during the 12-hr incubation period at 37 C is eluted from the resin with diethylamine and ammonium hydroxide as described previously (4, 17) stirred continuously for 12 hr at 4 C. The homogenate was then centrifuged, the precipitate was discarded, and 4 ml of Dowex 5OW-X2
NHd+ was added to each 10 ml of the supernate.
After being stirred for 1 hr in the cold at 4 C, the mixture was transferred to a column that contained 1 ml of Dowex resin. After washing with 30 ml of ammonium acetate (0.2 M, pH 6) and 30 ml of 10% acetic acid, angiotensin was eluted from the column with 14 ml of 0. 
Renin activity persists at pH 3 and 37 C for several hours. Soybean-trypsin inhibitor has no effect on renin activity. Brain and kidney renin can both be inhibited by hog antirenin in dog plasma, There was no interference by dopamine, epinephrine, norepinephrine, sero tonin, acetylcholine, y-aminobutyric acid, and histamine when they were added to the incubation in the concentration of their approximate natural occurrence in brain tissue and 10 times this amount.
Dzyerences between bruin and kidney renin. a) The pH optimum for brain renin activity is 5 whereas kidney renin in dog plasma shows an activity plateau from pH 5.5 to 6.5, under the incubation conditions of Boucher's micromethod (Fig. 1) peptide, the brain renin activity is much greater (Fig. 2) . c) Hog antirenin is less effective against the canine brain enzyme than against canine kidney and plasma renin (15).
Characterization of the pressor material formed by brain tissue mnin and /Jomologous dog subs&ale. 1) Injection of the material formed during the incubation of brain homogenate and substrate prepared from plasma into the nephrectomized rat gives a blood pressure rise of short duration indistinguishable from that of angiotensin.
2) Heating of the material for 2 hr at 90 C in 0.97 % NaCl does not destroy its pressor activity.
3) The pressor effect in the rat bioassay is completely abolished after incubation with 2 % trypsin in phosphate buffer, pH 7.5, for 1 hr. 4) The pressor material is dialyzable. 5) Dowex 5OW-X2 NHd+ adsorbs the pressor material which can be eluted with dicthylamine and ammonium hydroxide.
6) Immunological studies with specific angiotensin I and angiotensin II antibodies reveal that the pressor material consists of about 90 o/o angiotensin I and 10 % angiotensin II (Fig. 3) . The recovery of 30-300 ng of angiotensin 11 standard, added to the incubation with 'brain homogenate, was 93.7 % (11.6 SIP:, n = 8). Table 1 the range was 12-28 rig/g tissue per hr. 1n contrast, the mean value for mesenteric arteries was 2.4 ng, while in the renal cortex we found 23,500 rig/g per hr.
RESULTS

As shown in
In 3-day-old puppies PRA was significantly higher than in adult control dogs and brain tissue RA was markedly lower ( Table 2 ). mEq/liter before nephrectomy to 6.4 mEq/liter on the day of sacrifice), urea (from 35 to 340 mg/ 100 ml), and creatinine (from I .2 to 10.8 mg/IOO ml).
Sffecd of nephrectomy. As shown in
Renin substrate in brain Addition of I ml dog kidney extract providing renin in excess for the substrate assay of 2 ml of purified brain substrate, yielded 25 ng angiotensin/ 24 hr incubation.
Addition of 2 units hog renin under the same conditions yielded 30 ng angiotensin/ml per 24 hr.
Angiotensin in brain tissue. Injection of the angiotensin extracted from brain tissue into a nephrectomized rat showed a blood pressure rise corresponding to 2.7 ng angiotensin/g wet wt brain tissue. The blood pressure rise in the rat could be suppressed by angiotensin I antibodies and not by angiotensin I1 antibodies.
Addition of angiotensin 11 antibodies to the mixture of brain extract and antiangiotensin I had no further effect (Fig. 4) . Acidification of the antigen-antibody complex to pH 2 with 1 xv HCl restored full pressor activity of the brain extract.
DISCUSSIQN
The classical scheme of exclusive renin production in the kidney, and angiotensin formation in plasma, by action of the proteolytic enzyme on angiotensinogen, has been challenged, since it has been shown that renin activity can persist in the nephrectomized human (6), that uterine tissue is able to synthesize renin in cell cultures (28), and that arterial tissue renin can be stimulated in nephrectomized dogs (13) -There is strong evidence that the blood-brain barrier is impermeable to polypeptides and proteins such as angiotensin, renin, and renin substrate.
In the area postrema however, within the caudal half of the medulla and close to 
